Aims: To examine the relationship between nurse staffing and quality of care of nursing home residents, longitudinally. Background: Mixed results abound on the relationship between nurse staffing and quality of care of residents in nursing homes. Cross-sectional designs may underpin bias because the relationship between staffing and quality emerges over time, with latent unobserved variables. To offset this limitation, I used a longitudinal design in this study. Design: I used repeated quarterly survey methods. Methods: I measured staffing information with a formula developed by the Centers for Medicare & Medicaid Services. Outcome variables were 15 quality indicators and the Korean National Health Insurance Service 2015 nursing home evaluation manual. Results and Findings: As registered nurse hours per resident day increased by 1, the percentage of residents with depression decreased by 3.88%, and the prevalence of residents with nasogastric tubes increased by 1.17% in 3 months. Prevalence of residents with bed rest decreased by 5.72%, and residents with restraints decreased by 1.092%. More registered nurses and fewer certified nursing assistants or qualified care workers yielded a statistically significant negative influence on aggressive behavior, depression, weight loss, and bed rest. The higher turnover of total nursing staff related to more use of antidepressants. Conclusions: Results supported registered nurses' exclusive impact on resident outcomes. More longitudinal research is required to confirm the influence of nurses on nursing home residents' outcomes. Clinical Relevance: This study supported about the contributions of increased input of Registered Nurses, additional to previous longitudinal studies. The nursing homes in Korea should have mandatory Registered Nurse placement for optimal quality of care. 
In the past few decades, the contribution of nurse staffing to residents' quality-of-care (QOC) outcomes has become a major issue, due to the growing elderly population in long-term care settings (Backhaus, Verbeek, van Rossum, Capezuti, & Hamers, 2014) . Staffing is one important factor to determine QOC in acute and long-term care settings, reported across 10 years in many previous studies (Chen & Grabowski, 2015; Kim & Lee, 2013) . The U.S. Government Accountability Office (2015) reported that sufficient nurse staffing contributed to improved quality of nursing care. Very recently, researchers supported the costeffective benefits of stable registered nurse (RN) staffing in health care (Uchida-Nakakoji, Stone, Schmitt, Phibbs, & Wang, 2016) .
South Korea has one of the largest elderly populations in the world, with about 13.9% elders in 2015, and is expected to have about 38.1% elders of the total population in 2050 (Korean National Health Insurance Corporation, 2015) . Korea initiated social long-term care insurance in 2008 to provide professional care for elders with dementia, stroke, or Parkinson's disease and with activities of daily living (ADLs) limitations with decreased family member burden (Kim, Kwon, Yoon, & Hyun, 2013) . All elders in nursing homes (NHs) in Korea have at least one chronic illness; those with more than two chronic illnesses comprise approximately 35.1% of the population, whereas those with more than three chronic illnesses comprise 18.9%, and most require constant health care in long-term care settings (Kim, Lee, & Sok, 2009) . Residents in NHs are a very vulnerable population; approximately 18.4% have fallen while residing in facilities in Korea, whereas more than half of elders in facilities-approximately 56.3%-require assistance with ADLs due to gait or cognitive disorders (Park, Lim, Kim, Lee, & Song, 2011) . However, very few studies have described QOC in Korea, and very few studies have addressed nurse staffing and outcomes in Korea. Only one study was conducted in Korea to investigate the relationship between nurse staffing and QOC of NH residents (Shin & Hyun, 2015) .
In the United States, NHs are required to report hours per resident day (HPRD), defined as the number of hours worked by RNs, licensed practical nurses Nurse staffing in NHs comprises RNs, CNAs, and qualified care workers (QCWs) in Korea. QCWs are workforce staff who offer support for the elderly with limited ADLs, with 240 hours of training, without prerequisite educational requirements (Korean Ministry of the Interior and Safety, 2017). QCWs in Korea correspond to CNAs in the United States (Lee, Shin, & Harrington, 2015) . The staffing criteria suggested by Korean law are 1 RN or CNA per 25 elders (calculated with 0.32 HPRD) and 1 QCW per 2.5 resident (calculated as 3.2 HPRD) for an elderly care facility with more than 30 beds (Korean National Health Insurance Corporation, 2011; Lee et al., 2015) . Facilities with 10 to 30 beds must have one RN or CNA (0.28 HPRD) and one QCW (3.2 HPRD), physical therapist or occupational therapist, and one RN or CNA for a 24-hour period (Korean National Health Insurance Corporation, 2011; Lee et al., 2015) . For QCWs, the law specifies 1 care worker per 2.5 elders in a facility with more than 10 beds (3.2 HPRD), and 1 care worker per 3 elders in a facility with less than 10 beds (2.67 HPRD) for a 24-hour period (Korean National Health Insurance Corporation, 2013) . In addition to the low staffing HPRD required in Korea, another alarming fact is that because facilities engage alternative nurse staffing like CNAs rather than RNs, NHs have difficultly responding to demands for long-term care services for residents, and require systemic improvements in Korea (Korean Health Insurance Policy Institute [KHIPI], 2012) .
Researchers reported mixed results about the relationship between nurse staffing and QOC (Shin & Bae 2012) or only a weak relationship (Castle, 2011; Spilsbury, Hewitt, Stirk, & Bowman, 2011) worldwide. Backhaus et al. (2014) reviewed 20 articles that examined nurse staffing and quality outcomes in NHs with a longitudinal study design and concluded that no consistent relationship existed between predictor and dependent variables. The purpose of the present study was to investigate the relationship between nurse staffing and QOC longitudinally. The hypotheses follow.
1. Higher nurse staffing HPRD relates to better QOC resident outcomes. 2. Higher ratios of RNs (compared to LPNs and CNAs) relates to better QOC resident outcomes. 3. Higher turnover rates of nursing staff relate to lower QOC resident outcomes.
Conceptual Framework
Castle and Engberg's (2005) framework was the conceptual framework used to investigate a relationship between nurse staffing and resident outcomes in NHs longitudinally. This framework revealed the multifaceted factors influencing NH outcomes, including consistency (turnover), coordination (skill mix), quantity of care, and care practices (Dellefield, Castle, McGilton, & Spilsbury, 2015) .
Quantity of Care
Most reviewed studies using longitudinal methods reported the contribution of RNs in reducing pressure ulcers (Castle, 2011; Horn, Buerhaus, Bergstrom, & Smout, 2005; Konetzka, Stearns, & Park, 2008) , decreasing urinary tract infections (UTIs; Horn et al., 2005; Zhang & Grabowski, 2004) , decreasing deteriorating ADLs (Horn et al., 2005) , decreasing use of restraints (Castle & Anderson, 2011) , decreasing use of catheterization (Castle & Anderson, 2011; Horn et al., 2005) , and decreasing amount of hospitalization (Cherubini et al., 2012; Horn et al., 2005) . However, more RN HPRD related to worse prevalence of pressure ulcers and more catheterization and restraints (Zhang & Grabowski, 2004) , and no statistically significant relationship emerged for ADLs (Porell & Caro, 1998) or hospitalization (Intrator, Schleinitz, Grabowski, Zinn, & Mor, 2009) .
The contribution of LPNs on fewer pressure ulcers (Castle & Anderson, 2011; Horn et al., 2005) , restraints (Castle & Anderson, 2011) , and less hospitalization (Cherubini et al., 2012) was supported. However, number of LPNs related to worsened prevalence of pressure ulcers, more catheterizations (Zhang & Grabowski, 2004) , and more infection (Zimmerman, Gruber-Baldini, Hebel, Sloane, & Magaziner, 2002) . LPN hours were not statistically significant for UTIs (Horn et al., 2005) , ADLs (Horn et al., 2005; Porell & Caro, 1998) , restraints (Zhang & Grabowski, 2004) , catheterization (Castle & Anderson, 2011; Horn et al., 2005) , or hospitalization (Horn et al., 2005; Intrator et al., 2009; Zimmerman et al., 2002) .
A positive relationship emerged for CNAs' impact on improved numbers of pressure ulcers (Castle & Anderson, 2011; Horn et al., 2005; Zhang & Grabowski, 2004) , fewer infections (Zimmerman et al., 2002) , and less hospitalization (Cherubini et al., 2012) . CNA hours were not statistically significant for UTIs, ADLs (Horn et al., 2005) , catheterization (Castle & Anderson, 2011; Horn et al., 2005) , and hospitalization (Horn et al., 2005; Intrator et al., 2009; Zimmerman et al., 2002) .
Coordination (Skill Mix)
Only three studies researched the skill mix of staffing longitudinally. The contribution of RNs was supported for better UTI management (Konetzka et al., 2008) , less pain, and less catheterization (Castle & Anderson, 2011) . However, the skill mix was not statistically significant on mood deterioration (Hyer et al., 2011) , prevalence of pressure ulcers (Castle & Anderson, 2011; Konetzka et al., 2008) , or restraint use (Castle & Anderson, 2011) .
Consistency (Turnover)
Very few studies addressed consistency longitudinally using turnover or use of agency staff as variables in NH staffing research. The increased turnover of RNs and CNAs resulted in deteriorated residents' outcomes (Castle & Anderson, 2011 ). However, a few studies reported that turnover of LPNs and CNAs was not statistically significant (Castle & Anderson, 2011; Castle & Engberg, 2005) . In contrast, higher turnover of nurse staffing was statistically significant with better outcomes (Castle & Engberg, 2005) . The use of agency nursing staff yielded mixed results (Castle & Anderson, 2011; Castle & Engberg, 2005) .
Methods
Design of the Study I used a longitudinal survey design to investigate the relationship between nurse staffing and 15 residents' quality outcomes.
Setting and Sample
Of all 1,500 NHs operating between 2014 and 2017 in Korea (NHs > 9 beds), I randomly selected 10% (about 150 NHs) by computer and contacted NHs listed on the Korean Long-Term Care (2015) homepage. I explained and requested participation in this project by e-mail and phone. A total of 45 NHs participated in this study. I asked NH administrators or nurse managers to fill out questionnaires about nurse staffing and QOC on a quarterly basis. Whenever they completed the questionnaire, I provided $100 monetary incentive for follow-up data collection. However, many were unable to complete questionnaires because of unavailable human resources, lack of proximity to facilities, and merges among institutions. Of the 45 responding, 34 responded to the second measures, 28 to the third measures, 19 to the fourth measure, 15 to the fifth, and 7 to the last measurement.
Instruments
Information on bed size, total operation period, ownership characteristics (profit or not-for-profit), chain, religion of an establishment, referral hospitals, location (metropolitan vs. rural), and the percentage of longterm care beneficiaries came from the participating organization. Administrators, directors of nursing (DONs), and administrative staff at each participating NH offered staff-related data. Predictor variables were nurse staffing HPRD and skill mix (ratio of RNs to CNAs, ratio of RNs to QCWs), and staff turnover. HPRD refers to the mean hours worked by each type of staff divided by the total number of residents (CMS, 2017) . RN HPRD included DONs and RNs who cared for residents directly. I requested each nurse staff's total working days (hours and minutes) and shift for the previous week; then I calculated HPRD. The operational definition of skill mix was the proportion of RNs on the nursing staff and care workers (RNs:CNAs and RNs:QCWs). I requested data about the total quantity of present personnel at the end of the calendar year and the quantity of terminations in a calendar year and calculated turnover per year using the Nursing Facility Staff Survey.
(For a more concrete description of the formulation, Shin & Hyun, 2015 .)
Quality of Care Measures
The Korean Ministry of Health and Welfare (the Korean public insurer) publishes an evaluation of every NH every 3 years. I used those reports and 88 quality indicators from the 2015 NH evaluation manual published by the Korean National Health Insurance Service to calculate quality indicators of care (Table S1 ). The 15 measures also reflect Donabedians' structure-processoutcome model and inclusive quality indicators in the United States (Castle & Ferguson, 2010) . Also, development of the list of quality indicators for Korea aligned with developed-country reports. I retrieved the concrete formula to calculate the 15 quality indicators from the U.S. Minimum Data Set (CMS, 2014).
Data Collection
Because I could not collect concrete NH staffing information in Korea from secondary data sources like Minimum Data Sets in the United States, I used repeated quarterly survey methods for staffing and QOC information between July 2014 and April 2017, based on each organization's situation. Secondary data about NH staffing may not be a reliable source of data (Kash, Hawes, & Phillips, 2007) .
Every 4 months, I sent a reminder e-mail to collect surveys. Each participating organization participated in this research voluntarily, with each organization responsible for completing the questionnaire over time. I used monetary incentives for those who completed surveys (administrators, nurses, or social workers) to gain a longitudinal perspective on outcomes. If potential participants showed any interest in this project, I visited the NH and explained the research purpose and procedure to administrators, DONs, or executive secretaries of administrators and obtained consent forms. I asked administrators or those they designated, who had examined the inclusive management of NHs, to fill out the survey by reviewing residents' charts, human resources data, and nurses' notes and accident reports at the organizational level. I did not collect individual residents' information. I obtained approval from the institutional review board of a university in Korea.
Data Analysis
I investigated the relationship between 6 predictor variables and 15 QOC measures. I used a repeatedmeasures hierarchical linear model to analyze data. This model was appropriate because I was unable to obtain data for all the same follow-up points (Reed & Delhorne, 2005) . Each data collection had a minimum of three points for the linear model and four points for the quadratic model (Wu, 1996) .
I also performed power analysis using a simple mixed-effects model with only one fixed effect of interest: a sample size of 45 was large enough to provide 80% power for 7 of the 10 fixed effects (variables) of interest. I used the listwise deletion method for missing data (Gibson & Olejnik, 2003) . The market characteristics-geographic location, ownership characteristics (profit vs. not-for-profit), market share, and size of facility-were control variables. I used the longterm care insurance hierarchy (five stages) to control residents' case mix. I used a mixed procedure of SAS 9.3 with coefficients that satisfied p values below .05 and .1. To calculate the increased or decreased percentage of outcomes, I multiplied each coefficient by the standard deviation of each predictor variable.
Results

Characteristics of Facilities, Nurse Staffing, and Participants
I summarize the descriptive statistics of participating facilities in Table S2 . The average number of beds in participating organizations was 94.48, ranging from 9 to 296. Most facilities (86.49%) were not for profit. More than half were located in a small city. Most (89.5%) did not have formal referral hospitals, and 32.43% were established based on religion. Average occupancy was high (93.51%), and the average duration of a resident was about 8 years and 10 months (SD = 4.01). Of residents, 43.26% were third-grade Turnover rate = The number of terminations in a calendar year (12 months) × 100 The total number of current employees at the end of the calendar year long-term care beneficiaries (elders who are partially dependent for ADLs). The mean turnover rate of RNs was 5.94% (SD = 20.93), that of CNAs was 9.73% (SD = 25.71), and that of QCWs was 12.18% (SD = 56.67).
RN HPRD
As RN HPRD increased by 1 HPRD, the percentage of residents with depression decreased by 3.88% (β = −0.277, p = .002), and the prevalence of residents with nasogastric tubes increased by about 1.17% over 3 months (β = 0.083, p = .039). Furthermore, the prevalence of residents with bed rest decreased by 5.72% (β = −.22, p = .048) and the prevalence of residents with restraints decreased by 1.092% (β = −.042, p = .019).
CNA HPRD
As CNA HPRD increased by 1 HPRD, the percentage of residents with aggressive behaviors increased by 4.238% (β = .163, p = <.001), the percentage of residents with weight loss increased by 0.52% (β = .020, p = .1), and the percentage of residents with cognitive impairment increased by 171.45% (β = 5.182, p = .028).
QCW HPRD
As care worker HPRD increased by 1 HPRD, the number of residents with weight loss increased by 1.648% (β = .016, p < .0001), the number of residents with bed rest increased by 5.047% (β = .049, p = .005), and the number of residents with deteriorated ADLs increased by 10.094% (β = .098, p = .011).
I examined the skill mix (ratio of RNs:CNAs and ratio of RNs:QCWs) to see if skill mix was a predictor variable for NH residents. As NHs employed more RNs and fewer CNAs, a statistically significant negative influence emerged for residents with less aggressive behavior (β = −.049, p = .03), depression (β = −.06, p = .02), weight loss (β = −.017, p = .03), and bed rest (β = −.074, p = .04). However, residents with nasogastric tubes (β = .027, p = .03) and deteriorated ROM (β = .028, p = 0.02) increased. As the ratio of RNs to CNAs increased by 0.04, residents with aggressive behavior decreased by 1.96%, residents with depression decreased by 2.4%, residents with weight loss decreased by 0.68%, and bed rest decreased by 2.96%. However, as the ratio of RNs to CNAs increased by .04, residents with deteriorated ROM increased by 1.12%, and those with nasogastric tubes increased by 1.08%.
As the ratio of RNs and QCWs increased, a statistically significant negative influence emerged in residents with aggressive behavior (β = −.295, p = .09), residents with depression (β = −.318, p = .1), and residents with weight loss (β = −.116, p = .05). As the ratio of RNs to CNAs increased by .05, residents with aggressive behavior decreased by 1.45%, residents with depression decreased by 1.59%, and residents with weight loss decreased by 0.58%. However, residents with nasogastric tubes (β = .187, p = .03), and deteriorated ROM (β = .297, p = 0) increased. As the ratio of RNs to CNAs increased by .05, residents with L-tubes increased by 0.935% and those with deteriorated ROM increased by 1.485%(see Tables S3 and  S4) .
I found a statistically significant positive relationship between the turnover of RNs (β = .013, p = 0) and CNAs (β = .007, p = .02) and use of antidepressant medication. As RN turnover increased by 5.94%, prevalence of residents with antidepressant medications increased by 27.209%, and as CNA turnover increased by 9.73%, prevalence of residents with antidepressant medications increased by 17.997%. Also, I found a statistically significant positive relationship between turnover of QCWs and residents with deteriorating ADLs (β = .001, p = .07), deteriorating ROM (β = .00045, p = .08), and UTIs (β = .00001, p = .06). As the turnover of QCWs increased by 12.18%, residents with deteriorating ADLs increased by 5.66%, residents with deteriorating ROMs increased by .1%, and residents with UTIs increased by 2.26%.
Discussion
In this article, I analyzed the effects of nursing staffing, skill mix, and turnover on important residents' outcomes in NHs, longitudinally. This longitudinal study yielded new findings about the contributions of increased HPRD of RNs, additional to previous longitudinal studies: increased RN hours related to decreased depression prevalence, restraints, and bed rest, but to increased prevalence of residents with nasogastric tubes.
The first hypothesis was "Higher nurse staffing HPRD related to better QOC resident outcomes." The HPRD of staff in participating NHs follows: administrator, 7 min 56 s; secretary-general, 5 min 38 s; social worker, 10 min 18 s; and administrative staff, 5 min 2 s. For nursing staff: RNs, 11 min 5 s; CNAs, 10 min 31 s; and QCWs, 2 hr 51 min 28 s. More RN hours related to decreased pressure ulcers, which was consistent with previous research (Castle, 2011; Horn et al., 2005 , Konetzka et al., 2008 . However, aligning more RN HPRD with reduced restraint use was consistent with Castle and Anderson's (2011) study, but contrasted with Zhang and Grabowski's (2004) study.
Interestingly, this research reported a new contribution of RNs in the proportion of residents with depression and bed rest. However, the prevalence of residents with nasogastric tubes related to increased RN HPRD, which was consistent with the Zhang and Grabowski (2004) study and in contrast to those of Horn et al. (2005) and Castle and Anderson (2011) . It can be inferred that RNs in NHs in Korea are more involved in residents' out-of-bed activities, which may be one factor in decreased depression. Considering that about 70% of NHs do not have RNs, family members of residents may willingly choose NHs with RNs to care for residents with nasogastric tubes, due to nursing competencies. Furthermore, RNs are more concerned about nutrition of residents; more RNs may have more residents with nasogastric tubes, but fewer pressure sores, less weight loss, and better nutrition.
The second hypothesis was "Higher ratios of RNs (compared to LPNs and CNAs) relates to better QOC resident outcomes." The research on skill mix in NHs is quite limited, with only three previous studies. New findings showed that more RNs resulted in less aggressive behavior, depression, and weight loss. In previous longitudinal studies, the contribution of RNs was reported in UTI management (Konetzka et al., 2008) , less pain, and less catheterization (Castle & Anderson, 2011) . However, the skill mix was not statistically significant for mood deterioration (Hyer et al., 2011) , pressure ulcers (Castle & Anderson, 2011; Konetzka et al., 2008) , or restraint use (Castle & Anderson, 2011) . More research with large samples is required to confirm the effects of skill mix on residents' quality outcomes.
The last hypothesis was "Higher turnover rates of nursing staff relate to lower QOC resident outcomes." The turnover of RNs and CNAs related to more antidepressant medication in this study. The standard deviation of turnover rate of nursing staff was quite high, and further national-level research is necessary to discern actual turnover data for the NH workforce.
In summary, this study supported the notion that when more RNs are present, significant differences emerge in QOC outcomes. RNs are responsible for assessing major physical or psychological changes or symptoms, and cooperating with physicians for better treatment and care plans; in contrast, care by assistive personnel like CNAs is nontechnical (Konetzka et al., 2008) . NH nurses increasingly care for more complex patients' needs with increased professional knowledge and skills. However, some NHs replace RNs with CNAs to decrease staffing costs and to address the reluctance of RNs to work in NHs because of the inadequate working environment and insufficient benefits (Konetzka et al., 2008) . Previous researchers supported RN hours in decreasing mortality (Castle, 2000; Decker, 2006; Horn et al., 2005; Weech-Maldonado, Meret-Hanke, Neff, & Mor, 2004) rather than simply total nursing staff hours. When comparing the findings from this study with previous studies, especially those in other countries, quality measures may be defined or measured differently, and sources of data may differ. For example, U.S. and Korean healthcare systems differ markedly in how NHs are staffed and offer nursing care.
This study reported that RN HPRD was only 11 min 5 s, which was dramatically lower than the U.S. requirement. Recently, the U.S. Congress introduced legislation that requires a nursing facility to have at least one RN at all hours every day (GovTrack, 2015) . In New York State, the bill sets minimum care HPRD for RNs, LPNs, and CNAs to provide optimal nursing care (TrackBill, 2015) . The minimum number of hours of RN care per resident per day was 0.75 hr, split throughout all shifts; that of LPNs per resident was 1.3 hr; and that of CNAs was 2.8 hr (New York State Nurses Association, 2016). California and Ohio, in particular, passed laws on minimum staffing levels, requiring minimum nursing HPRD to increase from 3.0 to 3.2 HPRD in California, and from 1.6 to 2.75 in Ohio (Harrington, 2010; Klutz, 2001 ). Subsequently, those states reported a 5% increase in total nursing HPRD (Chen & Grabowski, 2015) .
With more evidence about the contribution of RNs in NHs, Korea needs nursing laws that better meet the needs for healthcare services for NH residents. Furthermore, current legislation in Korea requires RNs or CNAs to comprise staff in NHs (KHIPI, 2012) . To reduce expenses, small-and medium-sized local hospitals and NHs employ more CNAs than RNs (KHIPI, 2012) . In Korea, an RN (by license) and CNA (by certification) are classified according to license or certification, educational preparation, the role defined by law, and responsibility. Therefore, the different characteristics and contributions of each nurse staffing type should be applied in policymaking to determine minimum nurse staffing in NHs.
Limitations
The present study has some limitations. First, the small number of participating NHs may have threatened the external validity of this study, and the special characteristics of the participating group should be carefully considered to interpret the results. Furthermore, follow-up for similar data collection points was another challenge. The attrition rate was high for many reasons. Although I provided monetary incentives, follow-up data collection over time was not always possible because of staff shortages in completing questionnaires, proximity of organizations, and merges. I attempted to overcome this limitation by using a hierarchical linear model. Last, I used a self-report method. Thus, misunderstandings and misinterpretation of nurse staffing data may have occurred. To offset this limitation, I provided very concrete guidelines about reporting nurse staffing information. However, participants may have deviated from the guidelines when completing nurse staffing information.
Conclusions
This study is quite important in that it was the original study to investigate the relationship between nurse staffing and residents' outcomes in NHs in Korea longitudinally. Previous research was not strong enough to develop mandatory staffing requirements by law or policy because study results by cross-section are not as reliable as results from a longitudinal design (Konetzka et al., 2008) . This study's results supported RNs' distinctive influence on resident outcomes in comparison to substitute nurse staffing like CNAs. RN staffing yielded decreased depression, less deteriorated ADLs, less antidepressant medication, increased ROM, and better UTI and pain management. More research with a longitudinal design is required to confirm the effects of nurse staffing on residents' outcomes. This study also contributes to the use of the hierarchical linear model, allowing estimation of each organization's alterations longitudinally.
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